Introduction
In recent years, biodiesel has gained international attention as a source of alternative fuel due to characteristics like high degradability, no toxicity, low emission of carbon monoxide, particulate matter and unburned hydrocarbons (Al Zuhair, 2007; Vicente et al., 1998) . Biodiesel is a mixture of alkyl esters and it can be used in conventional compression ignitions engines, which need almost no modification. As well, biodiesel can be used as heating oil and as fuel (Mushrush et al., 2001; Wardle, 2003) . So far, this alternative fuel has been successfully produced by transesterification of vegetable oils and animal fats using homogeneous basic catalysts (mainly sodium or potassium hydroxide dissolved in methanol). Traditional homogeneous catalysts (basic or acid) possess advantages including high activity (complete conversion within 1 h) and mild reaction conditions (from 40 to 65 °C and atmospheric pressure). However, the use of homogeneous catalysts leads to soap production. Besides, in the homogeneous process the catalyst is consumed thus reducing the catalytic efficiency. This causes an increase in viscosity and the formation of gels. In addition, the method for the removal of the catalyst after reaction is technically difficult and a large amount of wastewater is produced in order to separate and clean the products, which increases the overall cost of the process. Thus, the total cost of the biodiesel production based on homogeneous catalysis, is not yet sufficiently competitive as compared to the cost of diesel production from petroleum. An alternative is the development of heterogeneous catalysts that could eliminate the additional running costs associated with the aforementioned stages of separation and purification. In addition, the use of heterogeneous catalysts does not produce soap through free fatty acid neutralization and triglyceride saponification. Therefore, development of efficient heterogeneous catalysts is important since opens up the possibility of another pathway for biodiesel production. The efficiency of the heterogeneous process depends, however, on several variables such as type of oil, molar ratio alcohol to oil, temperature and catalyst type. Thus, the objective of this chapter is to present a review of the effect of the aforesaid variables on important characteristics of biodiesel such as methyl esters content. Some characterization techniques for both, biodiesel and heterogeneous catalysts will also be addressed. In principle, transesterification is a reversible reaction, although in the production of biodiesel, the back reaction does not occur or is negligible because the glycerol formed is not miscible with the product, leading to a two-phase system. Nevertheless, an excess of alcohol is usually employed to force reaction towards the right side. The stoichiometry of reaction is a 3:1 molar ratio of alcohol to oil, to produce 3 mol of biodiesel and 1 mol of glycerol. Though, in practice it is usually increased from 6:1 to 1000:1 to favor the formation of products and increase its performance. In this context, the amount of alcohol used can be reduced by conducting the transesterification in steps: part of the alcohol and catalyst are added at the start of each step, and the glycerol is removed at the end of each step (Encinar et al., 2005; Gerpen, 2005; Harvey et al., 2003; Verziu et al., 2008) . Complete conversion of the triglyceride involves three consecutive reactions with monoglyceride and diglyceride intermediates which are reversible reactions as shown in Figure 2 (Harvey et al., 2003; Suppes et al., 2004 accelerates the reaction so that it reaches substantial completion within a few minutes. The primary concerns with this method are the additional complexity of recovering and recycling the cosolvent. Although this can be simplified by choosing a compound with a boiling point near to that of the alcohol in use. The most commonly used cosolvents are tetrahydrofuran and methyl tertiary butyl ether. Nevertheless, hexane has been successfully employed as co-solvent to obtain a 95.5 % of methyl ester content (Gerpen, 2005; Mittelbach & Remschmidt, 2004; Peña et al., 2009 ) when assessing three alkaline catalysts (CH 3 ONa, NaOH, and KOH). Usually, the choice of feedstock depends largely on the resources availability, and depending on the origin and quality of the feedstock, changes to the production process may be necessary. The use of non-edible oils or spent oils as well as heterogeneous systems is preferred because they are more environmentally friendly.
Oil type and catalysts

Oils
For the production of biodiesel there are not technical restrictions regarding the use of vegetable oils or animal fats. Nevertheless, there are preferred vegetable oils with high fatty acid content and whose wide world production is significant. Constituent fatty acids of vegetable oils are mostly unsaturated. Oils, therefore, are liquid at room temperature, so that their use as diesel fuel depends mainly on their viscosity. Moreover, animal fats, because of their higher content of saturated fatty acids are solid at room temperature, and cannot be used in diesel engines in its original form. Although it is not common to use mixtures of vegetable oils with diesel in different proportions, depending on the viscosity of oil, these blends can be used in diesel engines. Nowadays, the major production of canola, followed by sunflower, soybean and palm oils is an important factor to select them to produce biodiesel (Körbitz, 1998) . Though, the most assessed vegetable oils in the transesterification reaction are the castor, corn, cottonseed, crambe, peanut, soybean, palm, rapeseed and sunflower oils, mainly due to their content of glycerides (Demirbas, 2005) . Animal fats have not been studied to the same extent as vegetables oils, however there are some works about poultry fat used to produce biodiesel, for example. Oil from algae, bacteria and fungi also has been investigated (Hernando et al., 2007; Leadbeater & Stencel, 2006; Ma & Hanna, 1999; Reddy et al., 2006) . In addition to vegetable oils and animal fats, other materials such as spent frying oils have been used for biodiesel production; however, some changes in the reaction procedure frequently have to be made due to the presence of water or free fatty acids in the biodiesel (Bockisch, 1998) . In consequence, the main raw material is vegetable oil. Some natural glycerides (vegetable oils) contain higher levels of unsaturated fatty acids (Table 1) (Ma & Hanna, 1999) . These oils are liquids at room temperature and their direct use as fuel is precluded by high viscosities and requirement of engines modification. Therefore, it is convenient that vegetable oils are converted into their alkyl esters (biodiesel) by transesterification. Relevant characteristics of oils typically used for biodiesel production are given in table 2.
Catalysts
At the moment almost all commercial biodiesel production plants are using homogenous alkaline catalysts. However, the major disadvantage of homogeneous catalysts is the fact that these cannot be reused. Besides, as above explained, the homogeneous process implies further stages of washing, which involves an increase in production costs. Recently, the biodiesel production using heterogeneous catalysts has been carried out at industrial level and in such a process the employed catalyst has been reported to be a mixed oxide of zinc and aluminium (Bournay et al., 2005) . Indeed, the development of solid acid or basic catalysts for the transesterification reaction has been an important issue addressed by the scientific community. Table 2 . Properties of typical vegetable oils employed to produce biodiesel from transesterification reaction (Demirbas, 2005) .
Heterogeneous acid and basic catalysts could be classified as Brönsted or Lewis catalysts. This catalyst character determines the transesterification reaction rate. It has been concluded that the stronger basicity and therefore the presence of more active sites improves the performance of catalysts in the transesterification reaction. Hence, biodiesel is usually
produced in the presence of an alkaline catalyst. Different studies, however, have been carried out using acid catalysts (Di Serio et al., 2005; Lotero et al., 2005; MacLeod et al., 2008; Marchetti et al., 2007; Zhu et al., 2006) . One should bear on mind that the benefit with solid catalysts, acid or basic, is the lesser consumption of catalyst in the reaction. For example, to produce 8000 tons of biodiesel, 88 tones of sodium hydroxide may be required, while only 5.6 tons of supported MgO are sufficient for the production of 100,000 tones of biodiesel. Besides, heterogeneous catalysts exhibit a less corrosive character and can be used in a fixed-bed reactor, leading to safer, cheaper and more environment-friendly operations and the number of separation steps is less than when using homogeneous catalysts. The heterogeneous catalysts do not leave neutralization salts in the glycerol, and are plausible to be retained in the reactor by filtration (Di Serio et al., 2008; Kaita et al., 2002; Kawashima et al., 2009; Kovacheva et al., 2001; MacLeod et al., 2008; Madje et al., 2004; Park et al., 2010; Suppes et al., 2004; Waghoo et al., 1999; Xie & Li, 2006; Yan et al., 2008) . The most commonly studied heterogeneous basic catalysts are alkaline metals carbonates (Na 2 CO 3 , K 2 CO 3 ), alkaline earth metal carbonates (CaCO 3 ), alkaline earth metal oxides (CaO, MgO, SrO, BaO) and other oxides as ZnO (Dossin et al., 2006b; Encinar et al., 2005; Fukuda et al., 2001; Liu et al., 2007; López et al., 2005; Ma & Hanna, 1999; MacLeod et al., 2008; Verziu et al., 2008) . A comparison of attained yields with the aforementioned catalysts would lack of objectivity since all the related studies have been performed under significant different operating conditions such as temperature, raw material and molar oil:alcohol ratio. Therefore, in the following paragraphs a summary of the most relevant results will be presented rather than a comparison. Moreover, the effect of important catalyst characteristics such as active phase, calcination temperature, catalytic support and catalyst concentration will be addressed. For instance, the transesterification of rapeseed oil catalyzed by MgO, CaO, SrO and BaO at the same reaction conditions (64.5°C, reaction time 3.5 h, 18:1 methanol/oil molar ratio and 10 % catalyst dosage) resulted in <5 %, 58 %, 60 % and 86 % of methyl esters content, respectively. Actually, the catalytic activities decrease in the order of BaO>SrO>CaO>MgO, which suggests that the catalytic activities of alkaline earth metal oxides are associated with their alkalinity. However, the use of BaO is not practical enough since it is soluble in methanol and also forms highly toxic compounds. Regarding SrO, this oxide possesses a strong tendency to react with CO 2 and water present in air to form strontium hydroxide and strontium carbonate, thus losing its catalytic ability (Yan et al., 2008) . Among the abovementioned oxides, the CaO and MgO have been extensively studied in the transesterification reaction. About the former, its catalytic activity has been compared with other calcium compounds (calcium hydroxide and calcium alkoxides) at the same reaction conditions. The reported reactivity order is Ca(OH) 2 <CaO<Ca(CH 3 O). This is in agreement with Lewis theory: the methoxides of alkaline-earth metals are more basic than their oxides and these are more basic than their hydroxides (Gryglewicz, 1999; Kawashima et al., 2009) . Veljkovick et al. (2009) studied CaO catalysts for the transesterification of sunflower oil at 6:1 molar ratio of methanol to oil, 1 % wt catalyst based on oil weight and the CaO calcination temperature was 550 °C. A 98 % conversion was achieved at 60 °C and 2 hr reaction time. Yoosuk et al. (2010) , attempted to increase the CaO catalytic activity by producing it from CaCO 3 calcination, using a calcination temperature of 800 °C for 3 h. This treatment is likely associated with crystallites fracture and the generation of more porosity 9 and basic sites. This study was carried out using palm oil with methanol at 15:1 molar ratio of methanol to oil, 7 % wt catalyst, 60 °C and 1 hr reaction time. The catalysts tested were the modified calcium oxide and commercial calcium oxide. A 94 % of methyl esters content was obtained with the former while the latter led to attain only 75.5 % wt. Thus, it was concluded that the hydration treatment and subsequent calcination favors the formation of stronger basic sites and possesses a strong effect over crystallinity and crystallite size. López et al., (2007) studied the catalytic activity of calcium oxide for biodiesel production from sunflower oil (at 60 °C, 13:1 methanol to oil molar ratio, 3 % wt catalyst). The reaction was complete in 100 min giving 94 % conversion. In this study, the poisoning of active surface sites of calcium oxide by the atmospheric H 2 O and CO 2 was observed. In the same study, to improve the catalytic activity of CaO, this was subjected to an activation treatment at high temperature (> 700 °C) prior reaction and as a result the carbonate group (main poisoning specie) was removed from the catalytic surface. Regarding MgO, Dossin et al. (2006a) studied the ethyl acetate transesterification reaction with methanol catalyzed with MgO at 283-323 K and 0.1-10 methanol/ethyl acetate molar ratio, with 1.6-2.2x10 -4 kg of catalyst mass. A biodiesel with 99 % purity was obtained after 2 h. This confirms the MgO as a viable heterogeneous solid base catalyst for the transesterification of ethyl acetate, not good enough for other oils as rapeseed or soybean oil though. This has been evidenced by Di Serio et al. (2006) , who tested MgO in the industrial production of biodiesel from soybean oil transesterification at 180 °C and 12:1methanol to oil molar ratio. Only a 72 % conversion was achieved.
On another study (Yoo et al., 2010) , using CaO under supercritical state (at 200°C to 220°C, 40:1 methanol/oil molar ratio and 1.0 % wt of catalyst), the achieved conversion was near to 96 %. At the same conditions, the ZnO was the optimum catalyst for the transesterification of rapeseed oil with more than 96 % conversion towards biodiesel. Broadly speaking, a strategy to increase catalysts activity has been to make them nanocrystalline. This type of materials has recently received much attention because of the effect of particle size and shape in their physical and chemical properties. The unusual physical and chemical properties are associated with crystal faces, edges, corners, and defects that lead to enhanced surface reactivity; and the percent dispersion as a measure of the available fraction of atoms on the surface for incoming reactants. Thus, the successful nanocatalytic process is due to an increased surface area and greater concentrations of highly reactive sites. Although nanotechnology is rapidly developing into a stand-alone industry that covers a host of applications and industries, there are only few works related with nanocatalysts applied in the transesterification reaction reaction (Edelstein & Cammarata, 1996; Klabunde, 2001) .
As example of this we can mention the nanocrystalline calcium and magnesium oxides. CaO has been employed as heterogeneous catalyst for the transesterification of soybean oil. In such study the achieved conversion was 99 % wt at a reaction time of 12 h, room temperature and 1:27 oil/methanol molar ratio (Reddy et al., 2006) . In particular, the reactivity of nanosized oxides is associated whit their increased surface area, greater concentrations of highly reactive edge and corner defect sites, and stabilized lattice planes. Improvements in the results with nanocrystalline calcium oxide are not surprising since it is well documented that nanoparticles and nanocrystals possess unusual physical and chemical properties. Verziu et al. (2008) , studied the catalytic activity of nanocrystalline magnesium oxide, with three different morphologies, in the transesterification of sunflower oil. The obtained yield was 90 % at 70 °C and 4:1 methanol to oil molar ratio. However, there was the detachment of magnesium caused by saponification. As for numerous heterogeneous catalytic systems, another important variable affecting the catalytic activity in the transesterification reaction is the support of the catalyst, which also affects surface area, basicity, mechanical strength and cost. Some studies have reported the use of CaO or MgO supported on mesoporous silicas, aluminas or zeolites, to provide greater surface area and therefore basicity (Di Serio et al., 2006; MacLeod et al., 2008; Martínez et al., 2011; Suppes et al., 2004; Di Serio et al. 2006 , Yan et al., 2008 . For instance, samples of CaO/MgO, CaO/SiO 2 , CaO/Al 2 O 3 and CaO/Zeolite HY were employed to catalyze the transesterification of rapeseed oil at 64.5 °C during 3.5 h and with a 18:1 methanol:rapeseed oil molar ratio. It was shown that with a 10 % catalyst content a 92 %, 60 %, 36 % and 23 % of biodiesel was obtained, respectively (Yan et al., 2008) . In this context, it is worth mentioning that Di Serio et al. (2006) studied the transestification of soybean oil at 180 °C and 12:1 methanol to oil molar ratio and the obtained conversion was 92 %. In another work (Samart et al., 2009 ), a 90 % soybean oil conversion was reported when using mesoporous silica loaded with 15 % wt of KI at 70 °C using 1 mol of vegetable oil, 16 mol of methanol, 5 % wt of catalyst and after 8 h of reaction. NaX zeolite loaded with 16 % nanoparticles CaO was reported as a base catalyst in sunflower oil transesterification at 60 °C, 6:1 molar ratio of methanol to oil and 10 % wt catalyst, 93.5 % biodiesel was achieved within 6 h (Martínez et al., 2011) . All the aforesaid show the relevance of the catalytic support.
On the other hand, regarding acid catalysts, these possess the advantage of being active for both, esterification and transesterification reactions. Lopez et al. (2005) tested the activity of several heterogeneous acid catalysts and reported the following reactivity order: Amberlyst 15 (79 %)> sulfated zirconia (57 %)> Nafion NR50 (33 %)> tungstated zirconia > others, in the transesterification of triacetin with methanol at 60 °C, and 6:1 alcohol to oil molar ratio. Amberlyst-15, cation-exchange resin, and Amberlyst A27, anion-exchange resin, have also been studied for transesterification reactions. A relatively low reaction temperature (60 °C) resulted in poor sunflower oil, conversion: 0.7 and 0.4 % respectively, when carrying out the reaction at atmospheric pressure and using a 6:1 methanol-to-oil initial molar ratio (Vicente et al., 1998) . A further possibility for accelerating the transesterification reaction with acid catalysts is the use of heterogeneous catalysts such as WO 3 /ZrO 2 , SO 4 2-/ZrO 2 and Amberlyst-15 catalysts. These systems were tested in the esterification of 4 % wt oleic acid in soybean oil. The reactions were carried out using 9:1 molar ratio of methanol to oil, 0.29 g of catalyst per mol of oil at 75 °C. At all cases, a conversion of about 93 % was obtained (Park et al., 2010) . Even when the results regarding conversion may seem promising, one should not forget that acid catalysts are more corrosive than basic ones. This being a main drawback of such catalytic systems. Sodium molybdate (Na 2 MoO 4 ) was used for the transesterification of different types of lipids derived from soybean oil with methanol. In this case, a high methanol-to-oil molar ratio (54:1) was required in order to be effective, at 65 °C, with 5 % wt catalyst contents in 3 h. The achieved conversion was higher than 92.5 % (Nakagaki et al., 2008) . Besides, Carma et al. studied the Al-MCM-41 mesoporous molecular sieves with Si/Al for esterification of palmitic acid with some alcohols (methanol, ethanol and isopropanol), at 130 °C, 0.6 % wt catalysts and 60:1 alcohol to oil molar ratio. The found conversions were 79, 67 and 59 %, respectively to each alcohol (Carmo Jr. et al., 2009 ).
The application of beta zeolite modified with La in the methanolysis of soybean oil was reported by Shu et al. (2007) . In this system, a 49 % triglyceride conversion was obtained. Besides, Karmee and Chadha (2005) have been studied Hβ-zeolite, montmorillonite K-10 and ZnO catalysts in the transesterification of non-edible oil of Pongammia Pinnata crude at 120 °C with 10:1 ratio of methanol to oil, and 0.115 % wt catalyst, and attained 59, 47 and 83 % conversion, respectively (Karmee & Chadha, 2005) . The NKC-9 cation-exchange resin has been used in a fixed-bed reactor to carry out the esterification of oleic acid. The conversion was over 98 % at 65 °C, 2.8:1 molar ratio of methanol to oil and 500 h of continuous running, showing an excellent operational stability (Feng et al., 2011) . The use of seashell and eggshells heterogeneous catalyst of the methanolysis of vegetables oils, has provided promising results (Sarin et al., 2009) . They use various vegetables oils such as jatropha, castor, sunflower, soybean, rapeseed, cotton, corn, coconut, and observed 98 % conversion. The operating conditions were 2 hr reaction time, 6:1 molar ratio of methanol to oil and 4 % wt of catalyst. According to the aforementioned works, the advantages of working with heterogeneous alkaline catalysts are evident, and therefore any variable increasing the basicity of the catalytic system will positively impact its performance.
Heterogeneous catalysts characterization
Though there are a wide range of analytical techniques for heterogeneous catalysts characterization, the selection depends on the information provided by the techniques. The typical characterization techniques are: pore size distribution and surface area (BET), which are established by adsorption and desorption of nitrogen. In this method, the solid samples are evacuated under vacuum and temperature in such a way that the catalytic surface be free from water and other impurities and thus available for being occupied with nitrogen molecules. Specific total surface area is calculated using the BET equation, whereas specific total pore volume is evaluated from N 2 uptake at a relative pressure (P/Po) of N 2 equal to 0.99. X-Ray Diffraction (XRD) is the most widely employed technique for general crystalline material characterization. This technique allows the identification of crystalline phases in bulk materials and the determination of crystallite size and shape from diffraction peak characteristics. Figure 3 shows an example of XRD patterns for samples of NaX and CaO nano-16%/NaX used in the transesterification of sunflower oil. Total basic site density and acid strength distribution of the heterogeneous catalysts can be measured by temperature-programmed desorption of CO 2 (CO 2 -TPD). The temperature of desorption and the maximum desorbed CO 2 are illustrative of the strength and amount of basic sites, respectively. The basic site density is obtained by integration of area under the curve. Figure 4 shows the CO 2 -TPD profiles for 3NaX and ion-exchanged (NaX-ie) samples. Both samples exhibit a desorption peak at approximately 150 °C. This peak can be ascribed to the interaction of CO 2 with sites of weak basic strength. A second desorption peak (3NaX sample) appeared at higher temperature (700 °C), which may be attributed to the interaction of CO 2 with occluded sodium oxide species that possess stronger basic sites. These results demonstrated that the stronger basic sites (3NaX sample) were responsible of the high activity in the transesterification of sunflower oil . Scanning Electron Microscopy (SEM) provides a high resolution image of the surface of a catalyst (topographical information) over a length scale from nanometers up to several 12 hundred micrometers. It can operate at magnifications that are adjusted from about 20X-5(10 5 ). It provides of information concerning catalytic particle morphology, active phase homogeneity and composition near surface regions of the material since X rays can be detected from all the elements in the periodic table (Energy Dispersive X-Ray Spectroscopy, EDS). Figure 5 depicts the scanning electron micrograph of supported 16 % of CaO nanoparticles on NaX zeolite. Typical quasi-spherical morphology of NaX zeolite can be observed. X Ray Photoelectron Spectrometry is an analytical technique that utilizes photo-ionization and analysis of the kinetic energy distribution of emitted photoelectrons to estimate the elemental composition and chemical state of the elements on the surface of a material by projecting soft X-ray onto the surface and detecting the energy of photoelectrons emitted from areas a few nm (up to 5) from the sample surface. Figure 6 shows the depth profile analysis with Ar + gun of the 16% nano-CaO/NaX material. In this example the results suggest a homogeneous distribution of CaO nanoparticles on the NaX surface. 
Biodiesel characterization
The European standard EN 14214, which went into effect in 2003, supersedes the biodiesel standards in European countries that are members of the European Committee for Standardization (CEN). Therefore, no standards from individual European countries are given. The European standard EN 590 for conventional diesel fuel contains a provision that conventional diesel fuel can contain up to 5 % FAME meeting the standard EN 14214.
In addition to the biodiesel standards, analytical standards have been developed in the United States and Europe for the purpose of including them as prescribed methods in biodiesel standards. The methyl esters are quantified according to the European norm UNE-EN 14103. This indicates a minimum of 96.5 % of fatty acid methyl esters for biodiesel fuels. The standard analytical procedure for determination of methyl esters content involves capillary gas chromatography on polar stationary phases, applying internal calibration with methyl heptadecanoate and detection via flame ionization. Viscosity is an important property of biodiesel since it affects the operation of fuel injection equipment (at low temperatures affects the fluidity of biodiesel) (Demirbas, 2005) . Higher viscosity leads to a higher drag in the injection pump and thus causes higher pressures and injection volumes, especially at low engine operating temperatures (Wörgetter et al., 1998) . Viscosity is closely related to the fatty acid composition of a given biodiesel sample. It increases with increasing length of both the fatty acid chain and the alcohol group, so that ethyl esters show slightly higher values than the respective methyl compounds. Kinematic viscosity at 40 °C is measured according to EN ISO 3104. The standard analytical procedure for the kinematic viscosity indicates the measure of the time that a given volume of liquid flows by gravity through a capillary viscometer at a known and well controlled temperature. Kinematic viscosity is the product of time of flow and the viscometer calibration constant. Density and therefore specific gravity is another important parameter of biodiesel quality. Fuel injection equipment operates on a volume metering system, hence a higher density for biodiesel results in the delivery of a slightly greater mass of fuel (Demirbas, 2005) . The specific gravity of biodiesel ranges between 860-900 kg/m 3 at 15 °C. The standard analytical procedure for the determination of density of biodiesel fuel involves the use of a standardized glass hydrometer or an oscillating U-tube at the prescribed temperature. Regarding methanol content, this must not exceed 0.20 % in biodiesel fuels (EN 14214). This parameter is important for fuel quality since high methanol content poses safety risks in biodiesel transport and storage due to correspondingly low flash points. Acid value or neutralization number is a measure of mineral acids and free fatty acids contained in a fuel sample. It is expressed in milligrams of KOH required to neutralize 1 g of fatty acid methyl esters and it sets to a maximum value of 0.5 mg KOH/g in the European norm (EN-14214). Flash point is a measure of the flammability of fuels and thus, an important parameter for assessing hazards during fuel transport and storage. The flash point is measured following the European norm EN ISO 3679 (>120 °C). The technique indicates that a defined volume of the sample is introduced into a closed cup flash point test, which holds at the flash point temperature estimated of the material to be analyzed. After a period of time, a flame is applied and presence or absence of inflammation is observed. Additional tests are performed at different temperatures with new samples until it determining the flash point with the specified sensitivity. Cetane number is a dimensionless indicator of the ignition quality of a biodiesel, if the cetane number is high, combustion can occur before the fuel and air are properly mixed, resulting in incomplete combustion and smoke, and if is low, engine roughness, misfiring, higher air temperatures, slower engine warm-up, and also incomplete combustion occur. The European norm EN 14214 indicates a minimum cetane number of 51. All the aforementioned parameters determine the quality of biodiesel produced either homogenously or heterogeneously. Methyl esters content, however, can be considered as the most important property since its value dictates the value of the other parameters. This means that if the standard regarding methyl esters content is fulfilled is very likely that the standards of the other parameters are also satisfied. This may be the reason for the literature not being so keen on reporting a full biodiesel characterization and then methyl esters content has become the usual reported indicator of biodiesel quality. An exemption would be the castor oil whose initial viscosity is already high and hence producing biodiesel with high viscosity as well. Viscosity possesses an inverse correlation with methyl esters content. As above explained, viscosity is also a property of paramount importance that affects the fuel injection equipment, mainly at low temperature when an increase in fuel viscosity affects its flow. In the section regarding catalysts (3.2), it was mentioned that a methyl esters content between 79 and 99 % can be achieved via heterogeneous catalysis. It is worth mentioning that the so produced biodiesel (with a methyl esters content near to the norm) can be employed in blends consisting of 20 % biodiesel and 80 % petroleum diesel (Demirbas, 2005) . This simple action would lead to a large reduction on carbon dioxide emissions. One should remember that carbon dioxide has been identified as a compound that importantly affects the climate global warming. Finally, it can be said that the heterogeneous catalysts that nowadays are more promising for biodiesel production are calcium and magnesium based since high conversions and methyl esters content are attained with them even at mild reaction conditions (see section 3.2).
Conclusion
The development of efficient heterogeneous catalysts is important since opens up the possibility of another pathway for biodiesel production. The efficiency of the heterogeneous process depends, however, on several variables such as type of oil, molar ratio alcohol to oil, temperature, catalyst type, even type of reactor. According to the aforementioned works, the advantages of working with heterogeneous alkaline catalysts are evident and encourage to further and deeper research with them, mainly in the area of reaction engineering (kinetics and reactor design).
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